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Abstract: Bronchopulmonary dysplasia (BPD) is a major respiratory condition mainly affecting
premature infants. Although its occurrence is global, risk factors may differ regionally. This study,
involving 3111 infants with birth weight < 1500 gm or gestational age (GA) < 30 weeks, aimed to
identify risk factors for BPD and BPD/mortality in Taiwan using data from the Taiwan Neonatal
Network. The BPD criteria were based on the National Institute of Child Health and Human De-
velopment standards. Average GA was 27.5 weeks, with 23.7% classified as small for GA (SGA).
Multivariate analysis highlighted low GA, low birth weight, and other perinatal factors as significant
risk indicators for BPD. For moderate-to-severe BPD, additional risk factors included male gender
and SGA, endotracheal intubation (ETT) or cardiopulmonary cerebral resuscitation (CPCR) in initial
resuscitation. In the moderate-to-severe BPD/death group, SGA and ETT or CPCR in initial resuscita-
tion remained the only additional risk factors. The study pinpoints male gender, SGA and ETT or
CPCR as key risk factors for moderate-to-severe BPD/death in low-birth-weight infants in Taiwan,
offering a basis for focused interventions and further research.

Keywords: bronchopulmonary dysplasia; preterm infants; mortality

1. Introduction

Bronchopulmonary dysplasia (BPD) is the most common pulmonary disorder among
premature infants, posing significant healthcare challenges worldwide [1]. This condition,
characterized by disrupted lung development, not only leads to immediate respiratory
complications but also has profound effects on long-term respiratory function, neurode-
velopmental progress, and overall growth [2]. Northway, Rosen, and Porter originally
identified BPD in preterm infants subjected to high oxygen levels and non-positive end-
expiratory pressure mechanical ventilation, noting its distinction from hyaline membrane
disease [3]. The identification of BPD risk factors is essential due to the considerable emo-
tional and economic impact on the families of affected infants. These risk factors range from
prenatal to postnatal, with prematurity and low birth weight being the most frequently
observed [4]. Infants weighing under 1500 g are at an increased risk, often necessitating
extended use of mechanical ventilation and oxygen therapy [5]. Such infants are more

Children 2023, 10, 1822. https://doi.org/10.3390/children10111822

https://www.mdpi.com/journal/children


https://doi.org/10.3390/children10111822
https://doi.org/10.3390/children10111822
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/children
https://www.mdpi.com
https://orcid.org/0000-0003-0176-1381
https://orcid.org/0000-0002-5146-8354
https://orcid.org/0000-0003-3187-9479
https://doi.org/10.3390/children10111822
https://www.mdpi.com/journal/children
https://www.mdpi.com/article/10.3390/children10111822?type=check_update&version=1

Children 2023, 10, 1822

20f11

vulnerable to respiratory distress syndrome than their full-term counterparts, leading to
greater mechanical ventilation and oxygen requirements. Additional significant risk factors
include male gender, intrauterine growth restriction, chorioamnionitis, maternal smoking,
infections, and variations in parental race or ethnicity [4,6-9]. Moreover, genetic factors,
especially in twins, have been implicated in the predisposition to BPD [9].

Histopathologically, the classic form of BPD (old BPD) presents with severe airway
damage, prominent smooth muscle hyperplasia, and extensive alveolar septal fibrosis,
predominantly resulting from the high levels of oxygen and aggressive ventilation his-
torically used in treatment [3]. In contrast, the modern form of the disease (new BPD) is
characterized by alveolar simplification, where alveoli are fewer and enlarged, reducing
the surface area for gas exchange. Additionally, although less pronounced than in old BPD,
new BPD can still display features such as increased airway smooth muscle hyperplasia
and some degree of septal fibrosis [10]. Furthermore, impairments in surfactant production
and abnormal vascular growth have been observed, exacerbating the condition [10,11].

The diagnostic criteria for BPD have evolved over the years, incorporating various
factors to more accurately classify the disease [12]. Originating in 1967 as a description
of progressive emphysema induced by oxygen toxicity and ventilator damage [3], the
definition underwent significant changes. By 1988, it included the need for supplemental
oxygen at 36 weeks of post-menstrual age (PMA) [13]. Further refinements were made
in 2001, incorporating a 28 day post-birth oxygen requirement along with a new severity
classification [14]. In 2018, the National Heart, Lung, and Blood Institute (NHLBI) workshop
revised the definition, removing the 28 day oxygen supplement requirement [15]. Jensen
et al., in 2019, revised the National Institute of Child Health and Human Development
(NICHD) workshop definition to emphasize the use of positive pressure rather than oxygen
supplementation for BPD classification at 36 weeks PMA [16].

To understand whether these risk factors similarly impact the Taiwanese population,
we utilized data from the Taiwan Neonatal Network (TNN). TNN is a collaborative platform
engaging neonatal intensive care units (NICUs) across Taiwan with the primary focus on
enhancing neonatal care, particularly for very low-birthweight infants. Our study aims to
examine the frequency of a combined outcome involving moderate-to-severe BPD and/or
death and to elucidate the associated risk factors among low-birthweight premature infants
in Taiwan. These insights could facilitate early identification and targeted intervention
strategies to reduce BPD incidence and improve long-term outcomes. Moreover, given the
evolving definitions of BPD, this study also explores whether different diagnostic criteria
could influence the identification of risk factors.

2. Materials and Methods
2.1. Study Population

We conducted a retrospective cohort data collection from TNN. We incorporated data
from neonates who had a birth weight (BW) of <1500 gm or a gestational age (GA) under
30 weeks. These data, collected between January 2016 and December 2019, span 26 partici-
pating hospitals, encompassing a majority of the secondary and tertiary NICUs in Taiwan.
Newborns with major congenital anomalies were excluded. Data were recorded using a
standardized electronic case report form. All methods were performed in accordance with
the relevant guidelines and regulations.

2.2. Outcome Measures and Variables

The primary outcome measure was the diagnosis of BPD, defined as a requirement
for at least 28 days of >21% oxygen. Patients were categorized into mild BPD (no need for
supplemental oxygen at 36 weeks PMA) and moderate-to-severe BPD (requirement for
>21% oxygen at 36 weeks PMA). Variables considered for risk factor analysis included:

Maternal factors: nationality, mode of delivery, multiple births, antenatal steroid use,
magnesium sulfate use during any trimester, chorioamnionitis and pregnancy-induced
hypertension (PIH).
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Neonatal factors: birth weight, small/average/large for gestational age (SGA/AGA/LGA),
gender, 5 minute Apgar scores, type of delivery room resuscitation, sepsis/meningitis,
intraventricular hemorrhage (IVH), respiratory distress syndrome (RDS), assisted ventilator
support, surfactant therapy, inhaled nitric oxide (NO) therapy, pneumothorax, patent
ductus arteriosus (PDA) and necrotizing enterocolitis (NEC).

Definitions for all diagnostic criteria and support interventions are as follows: infants
with a birth weight below the 10th percentile for their GA were classified as SGA, those
above the 10th percentile were considered LGA, and the remainder were categorized as
AGA. Assisted ventilator support included face mask ventilation, mechanical ventilation
(MV), high-frequency oscillatory ventilation (HFO), high-flow nasal canula, nasal continu-
ous positive airway pressure (nCPAP), nasal intermittent mandatory ventilation (nIMV), or
nasal synchronized intermittent mandatory ventilation (nSIMV). The definitions of sepsis
and meningitis were given by a proven pathogenic bacteria growth from blood culture and
cerebrospinal fluid culture; the definition of IVH was grade 1-4 IVH based on cranial imag-
ing; while the definition of RDS was to fulfil both of the below criteria within 24 h of birth:
typical RDS pattern on chest X ray, and any one of the following: arterial oxygen pressure
(PaO2) < 50 mmHg under room air, central cyanosis under room air, the need for assisted
ventilator support to maintain PaO2 > 50 mmHg, or requiring assisted ventilator support
to maintain oxygen saturation (SpO2) > 85%. The definition of PDA employed in our study
required the fulfillment of two criteria: first, the detection of PDA on echocardiography,
which is evidenced by a left to right shunt or a bidirectional shunt; and second, clinical signs
consistent with a significant PDA, such as a hyperdynamic precordium, bounding pulses,
wide pulse pressure, evidence of pulmonary vascular congestion, or cardiomegaly. The
definition of NEC was to fulfil at least one clinical symptom and one image finding. Clini-
cal symptoms included bilious vomiting, abdominal distension and bloody stool. Image
findings included pneumatosis intestinalis, hepato-biliary gas and pneumoperitoneum.

2.3. Statistics

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses.
The x? test and Fisher’s exact test were used to determine significant differences between
groups with categorical variables. Univariate analyses were used to determine the associa-
tion between potential risk factors of BPD. Multivariate logistic regression analysis was
performed to identify independent significant risk factors for BPD. Statistical significance
was set at p < 0.05.

3. Results

A total of 3550 newborns with a BW of <1500 gm or a GA of less than 30 weeks were
enrolled between 2016 and 2019 (Figure 1). After excluding neonates who died before
28 days of age and those with missing data, 3111 newborns were included in the study
analysis. Among these, 1153 (37%) did not have BPD, 380 (12%) had mild BPD, and 1441
(46%) had moderate-to-severe BPD.

3.1. Demographics and Clinical Characteristics

The average GA was 27.5 weeks, with 1405 cases (45.2%) having a GA of less than
28 weeks, with the majority (1679 cases, 54%) being male. The distribution by size for GA
was as follows: 738 cases (23.7%) were SGA, 2342 cases (75.3%) were AGA, and 31 cases
(1.0%) were LGA. Cesarean section was the mode of delivery for 2093 cases (67.3%), and
878 cases (28.2%) were part of multiple births (Table 1).

In our investigation of BPD risk factors, we performed a comprehensive statistical
analysis presented in Table 2. In univariate analyses, variables significantly correlated with
BPD encompassed a range of clinical and perinatal factors: low GA, birth by normal sponta-
neous delivery (NSD), maternal chorioamnionitis, absence of maternal PIH, BBW < 1000 g,
and a suboptimal 5 minute Apgar score (<7). Other risk-enhancing variables included
the necessity for oxygenation during initial resuscitation, requirement for endotracheal
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intubation (ETT) or cardiopulmonary cerebral resuscitation (CPCR) in the resuscitative
phase, the absence of nCPAP application initially, and RDS. Prolonged oxygen use during
hospitalization, different ventilatory modalities like ETT with MV or HFO, nasal high-flow
cannula or nIMV or nSIMYV, the absence of nCPAP during hospitalization, surfactant admin-
istration, inhaled NO therapy, and various neonatal complications such as pneumothorax,
neonatal sepsis/meningitis, IVH, PDA and NEC were also found to be significant factors.
Death was an additional significant variable.

Newborns with birth weight < 1500gm or less than 30 weeks
of gestation were recruited between 2016 and 2019 (n=4976)

Excluded:
Neonates with major congenital
anomalies (n=146)

A 4

A 4
Newborns were enrolled (n=4830)

Excluded:
Neonates with more than 30 weeks of
gestation and unknown (n=1280)

A\ 4

v
[ Newborns were enrolled (n=3550)

- Excluded:
P | Death before 28 days old (n=422)
Data incomplete (n=17)

| Newborns were enrolled (a=3111) |

v L4
FiO2 > 21% supply at 28 Under room air at 28 days
days old (n=1958) old (n=1153)

Excluded:
Death during 28 days old to 36 weeks PMA (n=40)
Data incomplete (n=88)

A4

Newborns were enrolled (n=1821) |

A4

Mild BPD Moderate-severe BPD
No 02 supply at 36 Fi02 > 21% supply at
week PMA (n=380) 36 week PMA(n=1441)

Figure 1. Flow chart of case enrollment. BPD, bronchopulmonary dysplasia; PMA, postmenstrual age.

Table 1. Clinical characteristic of enrolled newborn case.

Total (N = 3111) N (%)
Gestational age, Mean + SD 275 +2.0
<28 week 1405 (45.2)
>28 week 1706 (54.8)
Sex
Male 1679 (54.0)
Female 1432 (46.0)
SGA/AGA/LGA
Small for gestational age 738 (23.7)
Appropriate for gestational age 2342 (75.3)
Large for gestational age 31(1.0)
Birth weight (g)
<501 51 (1.6)
501-600 122 (3.9)
601-700 281 (9.0)
701-800 321 (10.3)
801-900 364 (11.7)
901-1000 360 (11.6)
1001-1100 355 (11.4)
1101-1200 340 (10.9)
1201-1300 293 (9.4)
1301-1400 314 (10.1)
1401-1500 249 (8.0)
>1500 g 61 (2.0)
Delivery
Vaginal delivery 999 (32.1)
Cesarean section 2093 (67.3)
Multiple births
No 2233 (71.8)

Yes 878 (28.2)
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Table 2. Risk factor analysis between BPD and non-BPD group.
N =3111 Non-BPD (n = 1153) BPD (n = 1958) p Value
GA, mean + SD 28.70 £ 1.235 26.76 £ 1.974 <0.001 ***
Taiwan nationality, n (%) 1123 (37.2) 1898 (62.8) 0.265
Multiple births, n (%) 336 (38.3) 542 (61.7) 0.202
NSD, n (%) 330 (33.0) 669 (67.0) 0.001 **
Maternal ANS, n (%) 997 (37.4) 1672 (62.6) 0.152
Maternal MgSO4 use, n (%) 670 (37.6) 1112 (62.4) 0.242
Chorioamnionitis, n (%) 135 (23.7) 435 (76.3) <0.001 ***
Non-PIH, n (%) 854 (35.3) 1563 (64.7) <0.001 ***
Low BBW (<1000 g), n (%) 274 (18.3) 1225 (81.7) <0.001 ***
Male gender, n (%) 603 (35.9) 1076 (64.1) 0.081
BBW for GA, n (%) 0.318
SGA 290 (39.3) 448 (60.7)
AGA 853 (36.4) 1489 (63.6)
LGA 10 (32.3) 21 (67.7)
5 minute Apgar score, n (%) <0.001 ***
0-6 114 (20.8) 435 (79.2)
7-10 1035 (40.6) 1517 (59.4)
Oxygen or face maskr??;oi)n initial resuscitation, 1069 (36.0) 1901 (64.0) <0.001 *+*
ETT or CPCR in initial resuscitation, n (%) 177 (16.1) 925 (83.9) <0.001 ***
Non-nCPAP in initial resuscitation, n (%) 738 (34.0) 1432 (66.0) <0.001 ***
Bacteremia before 3 days old, n (%) 31 (31.6) 67 (68.4) 0.153
RDS, n (%) 864 (34.4) 1647 (65.6) <0.001 ***
Oxygen use during hospitalization 972 (33.3) 1951 (66.7) <0.001 ***
ETT+MV or ETT+HFO( 0;l)\)lring hospitalization, n 353 (19.1) 1499 (80.9) <0.001 ***
Nasal }gﬁi‘ﬁ;gocsi?;ll?z‘;i‘;ﬂt/[:(g:)“SIMV 741 (32.1) 1566 (67.9) <0.001 *+*
Non-nCPAP use during hospitalization 26 (20.8) 99 (79.2) <0.001 ***
Non-nCPAP use before ETT, n (%) 139 (16.3) 714 (83.7) <0.001 ***
Surfactant therapy in initial resuscitation, n (%) 1(16.7) 5(83.3) 0.281
Surfactant therapy during hospitalization, n (%) 293 (21.5) 1071 (78.5) <0.001 ***
Inhaled NO therapy, n (%) 10 (3.6) 269 (96.4) <0.001 ***
Pneumothorax 28 (18.7) 122 (81.3) <0.001 ***
Sepsis or meningitis, n (%) 46 (13.3) 301 (86.7) <0.001 ***
IVH, n (%) <0.001 ***
0-2 1117 (39.0) 1744 (61.0)
34 35 (14.3) 210 (85.7)
PDA, n (%) 435 (25.9) 1246 (74.1) <0.001 ***
NEC, n (%) 45 (23.8) 144 (76.2) <0.001 ***
Death, n (%) 3(3.1) 94 (96.9) <0.001 ***

BPD, bronchopulmonary dysplasia; GA, gestational age; SD, standard deviation; NSD, natural spontaneous
delivery; ANS, antenatal steroid; PIH, pregnancy-induced hypertension; BBW, birth body weight; SGA, small
for gestational age; AGA, appropriate for gestational age; LGA, large for gestational age; ETT, endotracheal
intubation; CPCR, cardiopulmonary cerebral resuscitation; RDS, respiratory distress syndrome; MV, mechanical
ventilation; HFO, high-frequency oscillatory ventilation; nIMV, nasal intermittent mandatory ventilation; nSIMV,
nasal synchronized intermittent mandatory ventilation; nCPAP, nasal continuous positive airway pressure;
NO, nitric oxide; IVH, intraventricular hemorrhage; PDA, patent ductus arteriosus; NEC, necrotizing enterocolitis
(**p <0.01, **p <0.001).

Subsequent multivariate logistic regression analysis, elaborated in Table 3, identified a
subset of independent risk factors with a significance level of p < 0.05. These included low
GA, maternal chorioamnionitis, BBW < 1000 g, a 5 minute Apgar score less than 7, RDS,
and requirements for various forms of assisted ventilator support during hospitalization,
including oxygenation, MV, or HFO, nasal high-flow cannula, or nIMV or nSIMV. The
administration of inhaled NO therapy, neonatal sepsis/meningitis and PDA were also
found to be independently significant.
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Table 3. Multivariate logistic regression analysis of risk factor for BPD.

N =3111 OR (95% CI) p Value
Low GA 0.661 (0.604~0.723) <0.001 ***
Multiple births 1.152 (0.921~1.440) 0.216
Cesarean section 0.813 (0.642~1.029) 0.085
Maternal ANS 0.984 (0.721~1.342) 0.919
Maternal MgSO4 use 0.839 (0.677~1.040) 0.110
Chorioamnionitis 1.781 (1.347~2.356) <0.001 ***
Maternal PIH 0.969 (0.747~1.258) 0.814
Low BBW (1000 g) 1.675 (1.245~2.252) 0.001 **
Male gender 1.143 (0.941~1.387) 0.178
BBW for GA 0.681
SGA -
AGA 0.893 (0.666~1.197)
LGA 0.719 (0.270~1.920)
Five minute Apgar score 0.042 *
70—16() 1.398 (1.012~1.932)
Oxygen or face mask use in initial resuscitation 1.255 (0.735~2.144) 0.405
ETT or CPCR in initial resuscitation 1.305 (0.965~1.765) 0.084
nCPAP in initial resuscitation 0.925 (0.740~1.156) 0.491
Bacteremia before 3 days old 0.651 (0.353~1.199) 0.169
RDS 0.687 (0.528~0.894) 0.005 **
Oxygen use during hospitalization 18.334 (7.951~42.275) <0.001 ***
ETT + MV or ETT + HFO during hospitalization 2.315 (1.785~3.003) <0.001 ***
Nasal higlzl-flo_w canule} or nIMV or nSIMV 1.762 (1.393~2.229) <0.001 ***
uring hospitalization
nCPAP during hospitalization 0.870 (0.446~1.695) 0.682
Surfactant therapy in initial resuscitation 1.646 (0.140~19.363) 0.692
Surfactant therapy during hospitalization 1.173 (0.913~1.508) 0.212
Inhaled NO therapy 5.461 (2.531~11.783) <0.001 ***
Pneumothorax 0.945 (0.547~1.633) 0.840
Sepsis or meningitis 2.314 (1.578~3.392) <0.001 ***
IVH 0.480
0-2 -
34 1.179 (0.746~1.865)
PDA 1.295 (1.051~1.596) 0.015*
NEC 0.937 (0.592~1.485) 0.783

BPD, bronchopulmonary dysplasia; GA, gestational age; ANS, antenatal steroid; PIH, pregnancy-induced hy-
pertension; BBW, birth body weight; SGA, small for gestational age; AGA, appropriate for gestational age; LGA,
large for gestational age; ETT, endotracheal intubation; CPCR, cardiopulmonary cerebral resuscitation; RDS,
respiratory distress syndrome; MV, mechanical ventilation; HFO, high-frequency oscillatory ventilation; nIMV,
nasal intermittent mandatory ventilation; nSIMV, nasal synchronized intermittent mandatory ventilation; nCPAP,
nasal continuous positive airway pressure; NO, nitric oxide; IVH, intraventricular hemorrhage; PDA, patent
ductus arteriosus; NEC, necrotizing enterocolitis. (* p < 0.05, ** p < 0.01, *** p < 0.001).

3.2. Risk Factors of Moderate-to-Severe BPD/Death

In our study, Table 4 delineates the independent risk factors for moderate-to-severe
BPD compared with the non-BPD group. Our findings indicate that several variables,
including low GA, maternal chorioamnionitis, BBW < 1000 g, RDS, male gender, SGA and
interventions such as ETT or CPCR during initial resuscitation, significantly contributed
to the risk. Additionally, types of ventilatory support employed during hospitalization—
oxygen therapy, MV, HFO as well as the use of high-flow nasal cannula or nIMV or
nSIMV—were also identified as independent risk factors. Other clinical variables such as
inhaled NO therapy, neonatal sepsis/meningitis and PDA were also found to be significant.
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Table 4. Multivariate logistic regression analysis of risk factor for moderate-to-severe BPD; subgroup
analysis of moderate-to-severe BPD/death before 28 days old and moderate-to-severe BPD/death
before 36 weeks PMA.

Moderate-to-Severe BPD/Death before 28 Moderate-to-Severe BPD/Death before 36

Moderate-to-Severe BPD

_ Days Old Weeks PMA
n =259 n=3016 n = 3067
OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value
Low GA 0.612 (0.551~0.679) <0.001 *** 0.609 (0.549~0.675) <0.001 *** 0.612 (0.552~0.678) <0.001 ***
Multiple births 1.245 (0.956~1.620) 0.103 1.225 (0.944~1.588) 0.127 1.221 (0.942~1.583) 0.132
Cesarean section 0.801 (0.604~1.062) 0.123 0.806 (0.610~1.065) 0.129 0.794 (0.602~1.049) 0.105
Maternal ANS 1.256 (0.867~1.820) 0.228 1.189 (0.826~1.713) 0.352 1.213 (0.843~1.747) 0.298
uMSZtemal MgSO4 0.812 (0.630~1.045) 0.106 0.841 (0.655~1.078) 0.172 0.839 (0.655~1.076) 0.167
Chorioamnionitis 1.686 (1.216~2.338) 0.002 ** 1.642 (1.188~2.268) 0.003 ** 1.613 (1.168~2.226) 0.004 **
Maternal PTH 0.950 (0.699~1.291) 0.744 0.932 (0.689~1.260) 0.646 0.931 (0.689~1.259) 0.643
Low BBW (1000 g) 2.049 (1.473~2.857) <0.001 *** 1.992 (1.433~2.762) <0.001 *** 1.992 (1.435~2.762) <0.001 ***
Male gender 1.259 (1.002~1.582) 0.048 * 1.245 (0.994~1.560) 0.057 1.224 (0.978~1.531) 0.079
BBW for GA 0.023* 0.016* 0.018 **
SGA - - -
AGA 0.620 (0.441~0.871) 0.611 (0.437~0.856) 0.616 (0.440~0.861)
LGA 0.578 (0.190~1.757) 0.545 (0.180~1.648) 0.545 (0.180~1.647)
Five minute Apgar 0.056 0.093 0.099
score
0-6 - - -
7-10 1.412 (0.990~2.013) 1.349 (0.951~1.912) 1.341 (0.946~1.900)
Oxygen or face
mask use in initial 1.343 (0.698~2.584) 0.377 1.372 (0.721~2.610) 0.336 1.377 (0.723~2.621) 0.331
resuscitation
ETT or CPCR in 1.499 (1.074~2.091) 0.017 * 1.449 (1.042~2.014) 0.028 * 1.412 (1.016~1.963) 0.040 *
initial resuscitation
nCPAP in initial 1.055 (0.809~1.375) 0.695 1.052 (0.809~1.370) 0.704 1.047 (0.804~1.361) 0.735
resuscitation
g:;tseg‘ié“ia before3 4 556 (0.259~1.069) 0.076 0.541 (0.272~1.077) 0.808 0.605 (0.305~1.197) 0.149
RDS 0.788 (0.567~1.095) 0.156 0.777 (0.562~1.075) 0.127 0.769 (0.557~1.062) 0.111
Oxygen use during 17.999 o 10.593 o 10.882 o
hospitalization (5.660~57.236) <0.001 (4.508~24.895) <0.001 (4.618~25.643) <0.001
ETT + MV or ETT +
HFO during 3.097 (2.308~4.155) <0.001 *** 3.112 (2.325~4.165) <0.001 *** 3.219 (2.407~4.305) <0.001 ***
hospitalization
Nasal high-flow
canula or nIMV or " % 5 s
nSIMV during 2.046 (1.536~2.724) <0.001 *** 1.866 (1.408~2.474) <0.001 * 1.804 (1.363~2.388) <0.001 *
hospitalization
ECPAP during 1.437 (0.641~3.221) 0.379 0.528 (0.265~1.051) 0.069 0.506 (0.256~1.000) 0.050
ospitalization
Surfactant therapy
in initial 3.040 (0.237~38.932) 0.393 2.613 (0.179~38.082) 0.482 2.663 (0.184~38.517) 0472
resuscitation
Surfactant therapy
during 1.156 (0.870~1.536) 0.318 1.164 (0.880~1.540) 0.287 1.143 (0.864~1.511) 0.349
hospitalization
Inhaled NO therapy ~ 6.505 (2.945~14.370) <0.001 *** 7.197 (3.306~15.669) <0.001 *** 7.201 (3.317~15.633) <0.001 ***
Pneumothorax 0.977 (0.540~1.771) 0.940 1.147 (0.638~2.065) 0.646 1.128 (0.628~2.025) 0.687
Sepsis/meningitis 2.651 (1.726~4.071) <0.001 *** 2.887 (1.887~4.418) <0.001 *** 2.855 (1.868~4.363) <0.001 ***
IVH 0.781 0.269 0.155
0-2 - - -
3-4 1.073 (0.653~1.765) 1.318 (0.808~2.152) 1.424 (0.875~2.318)
PDA 1.589 (1.249~2.022) <0.001 *** 1.541 (1.216~1.954) <0.001 *** 1.556 (1.228~1.972) <0.001 ***
NEC 0.921 (0.547~1.551) 0.758 1.064 (0.636~1.779) 0.814 1.083 (0.650~1.805) 0.759

BPD, bronchopulmonary dysplasia; GA, gestational age; ANS, antenatal steroid; PIH, pregnancy-induced hy-
pertension; BBW, birth body weight; SGA, small for gestational age; AGA, appropriate for gestational age; LGA,
large for gestational age; ETT, endotracheal intubation; CPCR, cardiopulmonary cerebral resuscitation; RDS,
respiratory distress syndrome; MV, mechanical ventilation; HFO, high-frequency oscillatory ventilation; nIMV,
nasal intermittent mandatory ventilation; nSIMV, nasal synchronized intermittent mandatory ventilation; nCPAP,
nasal continuous positive airway pressure; NO, nitric oxide; IVH, intraventricular hemorrhage; PDA, patent
ductus arteriosus; NEC, necrotizing enterocolitis. (* p < 0.05, ** p < 0.01, *** p < 0.001).
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We further analyzed these independent risk factors within two subgroups: those with
moderate-to-severe BPD/death before reaching 28 days of age, and those with moderate-to-
severe BPD/death before attaining 36 weeks PMA compared with the non-BPD group. The
risk profile for these subgroups mirrored that for moderate-to-severe BPD, with one notable
exception. Male gender emerged as a significant risk factor exclusively in the moderate-to-
severe BPD cohort, but did not retain its significance in the other two subgroups.

4. Discussion

This study, based on four years of data from the TNN, is among the most comprehen-
sive in recent years for identifying risk factors associated with BPD in preterm infants in
Taiwan. Utilizing multivariate logistic regression analyses, we identified a myriad of risk
factors for BPD, including low GA, low birth weight, chorioamnionitis, male gender, and
various clinical interventions such as intubation and oxygen therapies. Additionally, we
examined factors contributing to unfavorable outcomes, such as moderate-to-severe BPD,
neonatal mortality within 28 days, and mortality within 36 weeks PMA. Notably, male
gender, SGA, and ETT or CPCR in initial resuscitation were additional risk factors for these
severe outcomes.

The evolution of the definition of BPD has been intricately tied with the aim of more
accurately predicting disease severity and associated complications. One pivotal definition
came from a 2001 workshop organized by the NICHD [17] where, according to these
guidelines, for infants born at less than 32 weeks of GA, BPD was defined as requiring
more than 21% oxygen for at least 28 days followed by an evaluation at 36 weeks PMA
or upon hospital discharge. For those born at a GA greater than 32 weeks, the criteria
stated a need for less than 21% supplemental oxygen for at least 28 days, followed by an
evaluation at 56 days postnatally or upon discharge [17]. This definition further categorizes
BPD severity into mild, moderate, and severe categories, based on specific oxygen and
respiratory support requirements at 36 weeks PMA or discharge [14].

A 2016 NICHD workshop led to subsequent updates, with results published in
2018 [15]. This revised framework included Grade I to Grade III(A) classifications, each
corresponding to varying levels of oxygen and ventilatory support needs. Other additional
classification criteria have come from sources such as the Canadian Neonatal Network
(CNN) in 2017 and Jensen in 2019, which both incorporate various respiratory ventilation
parameters [18]. Given the current lack of a consensus definition for BPD, our study opted
to utilize the NICHD 2001 guidelines. Specifically, we defined BPD as requiring more
than 28 days of oxygen therapy. For severity stratification, we adhered to the NICHD 2001
criteria: mild BPD was defined as no supplemental oxygen requirement at 36 weeks PMA,
while severe BPD required an FiO2 greater than 21% [17]. The primary objective of our
study was to identify risk factors that significantly influenced the prognosis of BPD within
the Taiwanese neonatal population [19].

In the realm of extremely low GA prematurity, mortality and BPD are often considered
competing outcomes. Hence, many studies define composite outcomes encompassing
either BPD or death, with some even categorizing death as an indicator of severe BPD in
order to probe the associated risk factors [20-22]. Our investigation chose to include death
in the composite outcomes for moderate-to-severe BPD, specifically for cases occurring
within 28 days and 36 weeks PMA.

In our study, multiple logistic regression analysis identified a spectrum of risk factors
for BPD that included GA, chorioamnionitis, PIH, low birth bodyweight, low APGAR score
at birth, gender, oxygen usage during hospitalization, and various modes of ventilation,
sepsis and PDA. Our findings are in line with earlier studies emphasizing the significant
roles of low GA and reduced birthweight in elevating the risk for BPD [22,23]. Notably, our
data reveal statistically significant associations in each of the examined groups (Table 4).
Other factors are similar to those in other reports that take even death in 28 days or
36 weeks into the calculation.
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However, a point of divergence arises concerning the gender variable. In our study, the
male gender was identified as a significant risk factor specifically for moderate-to-severe
BPD/death. Interestingly, no significant gender differentiation was evident in cases where
BPD was associated with death within 36 weeks (p = 0.062). Previous literature on the role
of male gender as a risk factor for BPD has been inconsistent; some studies have identified
it as a risk factor [24], whereas others have found no consistent relationship between male
gender and adverse BPD outcomes [22,25,26].

These disparities necessitate further research in order to unearth the underlying
mechanisms potentially accounting for the observed gender-based risk differences for
BPD. Future investigations may delve into possible biological, hormonal, or even socio-
environmental factors that could mediate these gender-specific risks. Furthermore, another
additional risk factor for moderate-to-severe BPD/death in this study was SGA. SGA was
reported as being associated with decreased chance of survival [27]. Although a previous
study revealed SGA below 32 weeks gestation was associated with neonatal mortality and
also neonatal pulmonary morbidity [28], our data show it was only a risk factor in the
moderate-to-severe BPD/death group.

One surprising finding was the statistical significance of a low APGAR score (<7) at
5 min in the BPD group but not in moderate-to-severe BPD/death groups. The impact
of a low Apgar score on the development of BPD has yielded inconsistent results across
studies [29,30], with the role of a low Apgar score as a risk factor for moderate-to-severe
BPD/death remaining inconclusive. However, ETT or CPCR in initial resuscitation was
statistical significant in moderate-to-severe BPD/death groups but not in the BPD group.
In preterm infants, the use of ETT or CPCR in initial resuscitation may be more indicative
of their birth condition and the subsequent severity of BPD than the low APGAR score.
This area may warrant further investigation in order to elucidate the underlying reasons
for these discrepancies.

This study’s strength is augmented by its comprehensive dataset, encapsulating nearly
all instances of preterm births across Taiwan. This makes it one of the most geographically
and demographically representative studies on the subject within the region. Nonetheless,
the retrospective nature of the study, coupled with the absence of cross-hospital data
verification, introduces limitations that warrant careful interpretation of our findings.

5. Conclusions

In summary, low GA, low birth bodyweight, infection, ventilator use, and nitric oxide
inhalation were all important risk factors of BPD. Additionally, the indicators of SGA, male
gender, and ETT or CPCR in initial resuscitation are more inclined to be associated with
the development of moderate-to-severe BPD. According to this study, future prospective
research could be conducted to regulate the aforementioned risk factors and elucidate
more effective methods to reduce BPD. In recent years, the TNN has amassed a substantial
amount of data concerning BPD in preterm infants. It is anticipated that this will pave the
way for more detailed and comprehensive studies in the future.
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Abbreviations

BPD bronchopulmonary dysplasia
PMA post-menstrual age

TNN Taiwan Neonatal Network
NICU neonatal intensive care unit
BW birth weight

GA gestational age

SGA small for gestational age
AGA average for gestational age
LGA large for gestational age

IVH intraventricular hemorrhage
RDS respiratory distress syndrome
NO inhaled nitric oxide

PDA patent ductus arteriosus

NEC necrotizing enterocolitis

HFO high-frequency oscillatory ventilation

nCPAP nasal continuous positive airway pressure

nIMV nasal intermittent mandatory ventilation

nSIMV  nasal synchronized intermittent mandatory ventilation
Sp0O2 oxygen saturation

NSD normal spontaneous delivery

ETT endotracheal intubation

CPCR  cardiopulmonary cerebral resuscitation

References

1.

10.
11.

Stoll, B.J.; Hansen, N.I; Bell, E.F.; Shankaran, S.; Laptook, A.R.; Walsh, M.C.; Hale, E.C.; Newman, N.S.; Schibler, K.; Carlo, W.A;
et al. Neonatal outcomes of extremely preterm infants from the nichd neonatal research network. Pediatrics 2010, 126, 443—-456.
[CrossRef]

Doyle, L.W.; Anderson, P.J. Long-term outcomes of bronchopulmonary dysplasia. Semin. Fetal Neonatal Med. 2009, 14, 391-395.
[CrossRef]

Northway, W.H., Jr.; Rosan, R.C.; Porter, D.Y. Pulmonary disease following respirator therapy of hyaline-membrane disease.
Bronchopulmonary dysplasia. N. Engl. . Med. 1967, 276, 357-368. [CrossRef]

Trembath, A.; Laughon, M.M. Predictors of bronchopulmonary dysplasia. Clin. Perinatol. 2012, 39, 585-601. [CrossRef]

Walsh, M.C,; Yao, Q.; Gettner, P; Hale, E.; Collins, M.; Hensman, A.; Everette, R; Peters, N.; Miller, N.; Muran, G.; et al. Impact of
a physiologic definition on bronchopulmonary dysplasia rates. Pediatrics 2004, 114, 1305-1311. [CrossRef]

Bose, C.; Van Marter, L.J.; Laughon, M.; O’Shea, TM.; Allred, E.N.; Karna, P; Ehrenkranz, R.A.; Boggess, K.; Leviton, A.; Extremely
Low Gestational Age Newborn Study Investigators. Fetal growth restriction and chronic lung disease among infants born b efore
the 28th week of gestation. Pediatrics 2009, 124, e450—-e458. [CrossRef] [PubMed]

Hartling, L.; Liang, Y.; Lacaze-Masmonteil, T. Chorioamnionitis as a risk factor for bronchopulmonary dysplasia: A systematic
review and meta-analysis. Arch. Dis. Childhood. Fetal Neonatal Ed. 2012, 97, F8-F17. [CrossRef]

McEvoy, C.T.; Spindel, E.R. Pulmonary effects of maternal smoking on the fetus and child: Effects on lung development,
respiratory morbidities, and life long lung health. Paediatr. Respir. Rev. 2017, 21, 27-33. [CrossRef] [PubMed]

Parker, R.A.; Lindstrom, D.P,; Cotton, R.B. Evidence from twin study implies possible genetic susceptibility to bronchopulmonary
dysplasia. Semin. Perinatol. 1996, 20, 206-209. [CrossRef]

Coalson, ].J. Pathology of new bronchopulmonary dysplasia. Semin. Neonatol. 2003, 8, 73-81. [CrossRef] [PubMed]

Kalikkot Thekkeveedu, R.; Guaman, M.C.; Shivanna, B. Bronchopulmonary dysplasia: A review of pathogenesis and pathophysi-
ology. Respir. Med. 2017, 132, 170-177. [CrossRef]


https://doi.org/10.1542/peds.2009-2959
https://doi.org/10.1016/j.siny.2009.08.004
https://doi.org/10.1056/NEJM196702162760701
https://doi.org/10.1016/j.clp.2012.06.014
https://doi.org/10.1542/peds.2004-0204
https://doi.org/10.1542/peds.2008-3249
https://www.ncbi.nlm.nih.gov/pubmed/19706590
https://doi.org/10.1136/adc.2010.210187
https://doi.org/10.1016/j.prrv.2016.08.005
https://www.ncbi.nlm.nih.gov/pubmed/27639458
https://doi.org/10.1016/S0146-0005(96)80049-8
https://doi.org/10.1016/S1084-2756(02)00193-8
https://www.ncbi.nlm.nih.gov/pubmed/12667832
https://doi.org/10.1016/j.rmed.2017.10.014

Children 2023, 10, 1822 11 of 11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Thébaud, B.; Goss, K.N.; Laughon, M.; Whitsett, ].A.; Abman, S.H.; Steinhorn, R.H.; Aschner, J.L.; Davis, P.G.; McGrath-Morrow,
S.A.; Soll, RE; et al. Bronchopulmonary dysplasia. Nat. Rev. Dis. Primers 2019, 5, 78. [CrossRef] [PubMed]

Shennan, A.T.; Dunn, M.S,; Ohlsson, A.; Lennox, K.; Hoskins, EM. Abnormal pulmonary outcomes in premature infants:
Prediction from oxygen requirement in the neonatal period. Pediatrics 1988, 82, 527-532. [CrossRef] [PubMed]

Jobe, A.H.; Bancalari, E. Bronchopulmonary dysplasia. Am. J. Respir. Crit. Care Med. 2001, 163, 1723-1729. [CrossRef]

Higgins, R.D.; Jobe, A.H.; Koso-Thomas, M.; Bancalari, E.; Viscardi, R.M.; Hartert, T.V.; Ryan, R.M.; Kallapur, S5.G.; Steinhorn, R.H;
Konduri, G.G.; et al. Bronchopulmonary dysplasia: Executive summary of a workshop. J. Pediatr. 2018, 197, 300-308. [CrossRef]
[PubMed]

Jensen, E.A.; Dysart, K.; Gantz, M.G.; McDonald, S.; Bamat, N.A.; Keszler, M.; Kirpalani, H.; Laughon, M.M.; Poindexter, B.B.;
Duncan, A.EF; et al. The diagnosis of bronchopulmonary dysplasia in very preterm infants. An evidence-based approach. Am. J.
Respir. Crit. Care Med. 2019, 200, 751-759. [CrossRef]

Ehrenkranz, R.A.; Walsh, M.C.; Vohr, B.R.; Jobe, A.H.; Wright, L.L.; Fanaroff, A.A.; Wrage, L.A.; Poole, K.; National Institutes
of Child Health; Human Development Neonatal Research Network. Validation of the national institutes of health consensus
definition o f bronchopulmonary dysplasia. Pediatrics 2005, 116, 1353-1360. [CrossRef]

Kurihara, C.; Zhang, L.; Mikhael, M. Newer bronchopulmonary dysplasia definitions and prediction of health economics impacts
in very preterm infants. Pediatr. Pulmonol. 2021, 56, 409—417. [CrossRef]

Kim, F; Bateman, D.A.; Goldshtrom, N.; Sahni, R.; Wung, ].T.; Wallman-Stokes, A. Revisiting the definition of bronchopulmonary
dysplasia in premature i nfants at a single center quaternary neonatal intensive care unit. J. Perinatol. 2021, 41, 756-763. [CrossRef]
Lapcharoensap, W.; Gage, S.C.; Kan, P.; Profit, J.; Shaw, G.M.; Gould, ].B.; Stevenson, D.K.; O'Brodovich, H.; Lee, H.C. Hospital
variation and risk factors for bronchopulmonary dysplasia in a population-based cohort. JAMA Pediatr. 2015, 169, e143676.
[CrossRef]

Keszler, M.; Sant’Anna, G. Mechanical ventilation and bronchopulmonary dysplasia. Clin. Perinatol. 2015, 42, 781-796. [CrossRef]
[PubMed]

Geetha, O.; Rajadurai, V.S.; Anand, A.].; Dela Puerta, R.; Huey Quek, B.; Khoo, P.C.; Chua, M.C.; Agarwal, P. New bpd-prevalence
and risk factors for bronchopulmonary dysplasia/mortality in extremely low gestational age infants <28 weeks. |. Perinatol. 2021,
41, 1943-1950. [CrossRef]

Jobe, A.J. The new bpd: An arrest of lung development. Pediatr. Res. 1999, 46, 641-643. [CrossRef] [PubMed]

Zysman-Colman, Z.; Tremblay, G.M.; Bandeali, S.; Landry, ].S. Bronchopulmonary dysplasia—Trends over three decades. Paediatr.
Child. Health 2013, 18, 86-90. [CrossRef] [PubMed]

Yang, T.; Shen, Q.; Wang, S.; Dong, T; Liang, L.; Xu, E; He, Y.; Li, C.; Luo, F; Liang, J.; et al. Risk factors that affect the degree of
bronchopulmonary dysplasia in v ery preterm infants: A 5-year retrospective study. BMC Pediatr. 2022, 22, 200. [CrossRef]
Ambalavanan, N.; Van Meurs, K.P,; Perritt, R.; Carlo, W.A.; Ehrenkranz, R.A.; Stevenson, D.K.; Lemons, J.A.; Poole, WK.;
Higgins, R.D.; NICHD Neonatal Research Network. Predictors of death or bronchopulmonary dysplasia in preterm infants with
respiratory failure. J. Perinatol. 2008, 28, 420-426. [CrossRef]

Zhu, Z.; Yuan, L.; Wang, ].; Li, Q.; Yang, C.; Gao, X; Chen, S.; Han, S.; Liu, J.; Wu, H.; et al. Mortality and morbidity of infants
born extremely preterm at tertiary medical centers in china from 2010 to 2019. JAMA Netw. Open 2021, 4, e219382. [CrossRef]
Reiss, I.; Landmann, E.; Heckmann, M.; Misselwitz, B.; Gortner, L. Increased risk of bronchopulmonary dysplasia and increased
mortality in very preterm infants being small for gestational age. Arch. Gynecol. Obstet. 2003, 269, 40—44. [CrossRef] [PubMed]
Ito, M.; Kato, S.; Saito, M.; Miyahara, N.; Arai, H.; Namba, F; Ota, E.; Nakanishi, H. Bronchopulmonary dysplasia in extremely
premature infants: A scoping review for identifying risk factors. Biomedicines 2023, 11, 553. [CrossRef]

Chien, L.Y.; Whyte, R.; Thiessen, P.; Walker, R.; Brabyn, D.; Lee, S.K.; Canadian Neonatal Network. Snap-ii predicts severe
intraventricular hemorrhage and chronic lung disease in the neonatal intensive care unit. J. Perinatol. 2002, 22, 26-30. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/s41572-019-0127-7
https://www.ncbi.nlm.nih.gov/pubmed/31727986
https://doi.org/10.1542/peds.82.4.527
https://www.ncbi.nlm.nih.gov/pubmed/3174313
https://doi.org/10.1164/ajrccm.163.7.2011060
https://doi.org/10.1016/j.jpeds.2018.01.043
https://www.ncbi.nlm.nih.gov/pubmed/29551318
https://doi.org/10.1164/rccm.201812-2348OC
https://doi.org/10.1542/peds.2005-0249
https://doi.org/10.1002/ppul.25172
https://doi.org/10.1038/s41372-021-00980-4
https://doi.org/10.1001/jamapediatrics.2014.3676
https://doi.org/10.1016/j.clp.2015.08.006
https://www.ncbi.nlm.nih.gov/pubmed/26593078
https://doi.org/10.1038/s41372-021-01095-6
https://doi.org/10.1203/00006450-199912000-00007
https://www.ncbi.nlm.nih.gov/pubmed/10590017
https://doi.org/10.1093/pch/18.2.86
https://www.ncbi.nlm.nih.gov/pubmed/24421662
https://doi.org/10.1186/s12887-022-03273-7
https://doi.org/10.1038/jp.2008.18
https://doi.org/10.1001/jamanetworkopen.2021.9382
https://doi.org/10.1007/s00404-003-0486-9
https://www.ncbi.nlm.nih.gov/pubmed/12682849
https://doi.org/10.3390/biomedicines11020553
https://doi.org/10.1038/sj.jp.7210585

	Introduction 
	Materials and Methods 
	Study Population 
	Outcome Measures and Variables 
	Statistics 

	Results 
	Demographics and Clinical Characteristics 
	Risk Factors of Moderate-to-Severe BPD/Death 

	Discussion 
	Conclusions 
	References

